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SUMNARY AND lXI%ODUCTI@N 
The formulation is  presented f o r  computing the hour angle from the  
mean equinox a t  t he  beginning of the  nearest  Besselian year t o  the  
Greenwich meridian f o r  the  3TCC predictor  f o r  Missions E, F, and G. 
The method of computing th i s  angle is  t o  def ine the  angle a t  the  ref- 
erence epoch (midnight preceding launch) and then t o  compute the  angle 
f o r  any t i m e  during the  epoch year using the  mean s i d e r e a l  rotGtion 
r a t e  r e h t i v e  t o  a stai*-fixed reference frame. The v a u d i t y  of th i s  
procedure was establ isbed using the  nutation-precession matrices and 
apparent Greenwich hour angles used i n  the  F?EC Mission E o r b i t  de te r -  
mination program. 
s e c t o r a l  (J22, A 
The formulation w i l l  be used t o  evaluate the  e a r t h  
) grav i t a t iona l  accelerat ion.  22 
FORMULATION 
To define the  hour angle a t  midnight preceding launch, it is  f i r s t  
A t  t h a t  time the hour angle is 18 40 
Then the angle the  e a r t h  r o t a t e s  through frm t h a t  time 
necessary t o  compute the  universal  time of t h e  beginning of the  Bes- 
s e l l i e n  year of the epoch (XE3Y). 
by def in i t ion .  
t o  midnight p r io r  t o  launch is computed using the mean s i d e r e a l  r o t a t i o n a l  
r a t e  o f  the  ear th .  
computed by evsluat ing Newcomb's equation. 
Newcomb's equation f o r  computing the  Greenwich hour angle a t  nidnight 
r e l a t i v e  t o  a precessing reference frame, Ru: 
h 1i1 
The time of the  beginning of the  Bess i l ian  year is 
The reference presents (page 73) 
18 h m  38 45.836 + 8640184.s542!P + 0.'0g3gTu 2 
?l U 
where 
since Greenwich mar. moon of 1900 January 0. 
Til i s  the  number of J u l i a n  centur ies  of universal  time elapsed 
2 
m,e reference a l s o  presents (page 30)  the d e f i n i t i o n  of the be@- 
ilicg of the Besselian year a s  t he  in s t an t  when the ri&t ascension of 
the f i c t i t i o u s  mean sun, affected by aberrat ion and measured from Il ie  
3ean equinox, i s  18 40 
or' t he  Iks se l i an  gear i s  the tiinc when Newcomb's equation equals 
(18 40 n i s  the i n t e g r a l  number of years from 1900. 
h m  I n  terms of Newcomb's equation, t he  begiming  
h m  h + n 24 ) where 
Thus determining the beginning of the Besselian year involves 
solving the quadratic f o r  t h e  time i n  J u l i a n  centur ies  f r o n  mean maon 
1500 January 0. t o  the beginning of the Besselian year definect by the  
epoch year, E. This time, T, i s  now converted t o  days from January 0. 
(DE) from the de f in i t i on  t h a t  a J u l i a n  century equals 36 523 days; 
where XN i s  the number of l e a p  years from 2.900 t o  the  epoch year  not 
including the epoch year. 
a e c e  t o  the accuracy shown i n  the reference (page 434). 
!The value; f o r  DE have been computed and 
Table I includes values of DE computed using these equat iom for  
epochs 1960 through 1979. 
After determining the  t i m e  of the beginning of the Besselian year  
and the  hour angle associated with t h a t  t i m e ,  t h e  hour a n g k  f o r  mid- 
night preceding launch during the  epcch year i s  computed. 
s i d e r e a l  r o t a t i o n  r a t e  relative t o  a nonprecessing ax i s  is used (page 76): 
1.002737811906 rev/day. 
The mean 
The follow!ng defines t h e  base angle, €HA, a t  midnight p r io r  launch: 
BHA = 2n/3.6 + W 
Besselian year  t o  the base midnight and 
ro t a t ion  r a t e  (rad/day). 
DELTA where DELTA is days from t h e  beginning of the 1 
W is the incremental d a i l y  1 
The hour a n g k  f o r  any subsequent integrat ion s t e p  i s  then 
HA = BHA + W H, modulo 2 where H is hours f r o m t h e  base midnight 
and W2 is the hourly ro t a t ion  r a t e  (rad/hr). 
2 
COMPUTATIONAL PROCEDURE 
T a b h  I1 presents a pr iptout  of t he  subroutine t h a t  was developed 
t o  compute the angles t o  compare w i t t  the  nutation-precession data  used 
by the R W C  o r b i t  determination progrsm. 
3 
Tabk I11 suppl ies  reference da ta  generated using t h i s  procedure. 
I n i t  i a l l z a t l o n  
I n i t i a l i z a t i o n  occurs as follows: 
1. Input epoch year, E, base year, Y, and base day, DO (January 1 
is day 1). 
2. Cmpute beginning of Eesselian 
number of l eap  years from 1900 to epoch 
year : 
XN = i n t e g r a l  part ( 
Then, find the t i m e  i n  J u l i a n  centur ies  
year, DE, by f i r s t  f ind ing  t3e  
year not including the epoch 
f r a  mean moon 1gOO January 0: 
where 
A = bOgcL9 
B = 8640184.542 
C = -86400 (E - 1900.) - 74.164 
Final ly ,  compute the days from January 0. of epoch year: 
DE = 3652’jT - 365 (E - 1900) -I- -5 - XPI 
3. 
If Y = E then D I  = D 
If Y f E determine If Y is a h a p  year 
x = Y modulo 4 
Cmpute days from epoch t o  midnight of base day, DELTA: 
If Y f E 8Xld X = 0 D I  = D - 366 
I f Y # E a n d X # O  D I - D - 3 6 5  
DEUFA = DI - DE in dWS 
4 
4 .  Compute the  base hour angle, BHA, ( radians) .  
BPIA = 2/3.0 + W1 DELTA 
where 
= 1.720217954160054 x lo-* w1 
Evaluation a t  Each Integrat ion S tep  
Each in tegra i ion  s t e p  is  evaluated as follows: 
1. Input hours from base midnight, €I, and base hour angle, BHA. 
2. Compute hour angle 
HA = BHA + W2 H, modulo 2s 
= 2.625161452800495 x lo-' (rad/hr) w2 
5 
TABLE 1.- BEGINNING OF THE NEAREST BESSELIAN YEAR 
6 



















SUSdOLJTINE rl4YUSLE (EeYtDe314Ae4eH4eI )  
#AISLE COWtll'lS T%'HOW( ANGLE (RAD1 =SOY THE YEAN 
EQJliJ3X AT THE BEGINNING OF THE NE43FST 3ESSELIAY 
YE4q TO t R E E ' W I C Y  
EN3 
..- . . . .. . - .-- 
7 
TABLE 111.- CHECKOUT DATA FOR SUBROUTINE HANGLE 
(a) Epoch 1968 
1967 168 C - Q * 7 5 7  17769370 02 1968 
8 




l U 7 .  
146 7 
1967 
1 3 3 7  
!967 
1 q h 7  
1961 
1 Ci6 7 





1 9 6 7  
1 5 4 7  
1 9 6 7  
1067 
1 $ 3 7  
146 7 
1967 
l C f i 7  
196'7 



















1 5 3  
I s *  
' I C 5  
1 sc1 
1 s 7 







2 C 5  
2Ch 
?(I7 
2 c ~  
Ton - 









' P r n .  
320 
T T  
222 
7 23 
7 24 n?r 
226 
.* 




TABLE 111.- CHECKOUT DATA FOR SUBROUTINE HANGLE- Continued 
Year 




1 q b 7  
13b7 
1967 
l a b 7  
lS67 




1 SG 7 
! $67 
























l crt7  
Day 





2 3 4  
235 
3 7t: 
7 3 7  
? 3 Q  
? 39 
3 4 , :  
7 4 1  
24? 
?4 13 




3 4 8  
t fiQ 
7 5!i 
3 5 1  
?53 
t c t  
2 5 4  
7fC 
2 f;+ 
f 5 7  
3 5 e  
2 5 9 '  
2 6C 
2 51 
? C ?  
2c i 
Zt4 
2 c s  
-. 26 5 
2 6 7 '  
'168 c 0.31312135200 01 
10 
TABLE 111.- CHECKOUT DATA FOR SUBROUTINE HANGLE - Continued 
Day Hour Hour angle, deg 

12 















1 p 6 7  
1967 
1c;5? 



















l?s,e. . 14 . .c. O*lIZ1141-??3Q 03- - _ _  _ _  _-._ U ! S  
156 8 15 0 Ool1351978960 03 1968 
1QhR. . _  1.Q . 0 -_.- ,.,odJ 450540190 03 _1938-. - 
1969 I ?  r: Co11549101410 .03 1968 
196Q . .  22 0 
13 






















l C 6 9  
1568 










- 135-4 - 
1 CC, g-  
' i9t3 




7 5  
2 5  
27 






3 4  
3 s  
26 













5 c  
' - S'i ' 
53 
5 3 -  
5 4  
'"SS. 
5 6  
T 





. .  . 
-.- 
Hour Hour angle, deg 
0 0.12140468790 0 3  
c 3oi2239030310 03 
c 0.12.43615?47-? 0 3  
0 0 1753471 3700 0 3  
0 C.123375~1240 0 3  
Epoch 
15469 
1 9 3 R  
1 9 4 9  
19b8. 
196R 






























. . _  
1Q6@ sa r? 0.Z559011179D 0 3  136d 
'Tam- T a- . - ~ m ? M f Z - u ~ - - - - - - - *  7 
1968 
1-9-68 - -  
1948 6') 9 
166~' -Er- T-- . - dSf58Brnl; ' lb33 .*  - . 
1968 C ?  0 Oo159843567UD 0 3  1968 
0.15387234240 03 ... . - 
14 
TABLE Ill.- CHECKOUT DATA FOR SUBROUTINE HANGLE - Continued 
15 
TABLE tIl.0 CHECKOUT DATA FOR SUBROUTINE HANGLE - Continued 
Epoch 
















1 Q 6 R  











- T g b B '  
1968 
r 9 1 ~ -  




TABLE 111.- CHECKOU1 
Day 
! 4 1  
144 
I 4 2  
146 
? 47 






1 = 4  
1 F-5  
1 5 5  
1 5 7  
1 5 9  
1 i s  
16Q 
I t ?  
16? 
1 c 3  
1 5 %  
IC', 
I 6 5 
167 




1 7 7  
ii3' 
174 
1 7 5  
176 











1 9 m  






































TABLE 111.- CHECKOUT DATA FOR SUBROUTINE HANGLE - Continued 




l S C E  





l C t f  
L Y t E  
l”l€ 
i s o e  
l S t E  
19cs 
lcjtf 
1 S t 2 .  
146E 
1ChE 









l S h b .  
lSCE 
l F t E  
1 9 C E  
1 9 t E  
19tt 
1 9 t k  
l S t 5  







































l a 4  





ia  4 











































TABLE 111.- CHECKOUT DATA FOR SUBROUTINE HANGLE - Continued 
Year 
196e 
1 9 6 c  
196t 
1 9 6 %  
l Q t t  
l S e €  
19t E 





1 5 6 2  
1F6E 
196f 
A S b k  











l S 6 c  
1S6e 
1 9 t E  
19bt? 
1 C t E  
l Y t €  
1st  e 
1sti 
1 S C E  
1968 
l G O €  
i s c e  







1 9 6 q... 
196Y 
1969 



























- .  . ,1969 . 





TABLE 111.- CHECKOUT DATA FOR SUBROUTINE HANGLE - Continued 
Year 
146 E 
l S t t  
l S k E  
1 b C E  
1 4 t E  
l S t E  
15kk 
1 , i t c  




1 c c t  
196E 
1 S t t  









1 9 t e  
1 9 t f  
1StiE 
1YeF 





1 9 k k  
A 9 t C  
l V C P  
1 9 6 6  
156E 
l96E 
i w  
Day 




















2 5  1 
24 2 
2 5 1  



























l c i b ~  











1 9 6 4  
1969 
1 9 6 9  
1y6y 











.l,949 . - 
19b9 
1969 
1 9 t Y '  
21 
TABLE 111.- CHECKOUT DATA FOR SUBROUTINE HANGLE - Continued 
Year 
l u b e  
lF6&? 
1 9 6 6  
1546 
1 S t t  
A S b €  
196d 
lCC€ 
l S t E  
1 F G G  
1sce 
1sce 
1 4 t E  
A 9 C E  
l ' i t r  
1SCk 
1 9 t E  
1 9 t k  
196& 
19CE 
1 4 t E  
156E 
l S 6 E  
1'362 
l F C e  
1966 
1 S 6 i... 











I U L .  
~ 9 6 e  
Day 
27 1 





2 7 7  
27d 
2'7 5 




2 8 4  
26 5 
ZUh 
2 8 7  
Zdtl 
2 5 s  
i Y C  
23  1 
292- 
2Y3 








:! 3 2 
30 3 
30 4 


























l S U 9  
1 9 t 9  
1469 
















1 9 6 ~  
. 1.4tr9, 
22 
TABLE 111.- CHECKOUT DATA FOR SUBROUTINE HANGLE - Continued 
Day 




2 1 5  
2 1.L 






























3 4  7 
24 6 
24 5 











































TABLE 111.- CHECKOUT DATA FOR SUBROUTINE HANGLE - Continued 
Year 




l S t F  
19tc 
1 5 t c  
l S t t  
15k t 
19tr 
l 5 t e  
196C 
L b t E  
li6e 
i S t E  
1SCt 
1965 
1 S C S  
1965 
1 9 C S  
1 ; 6 5  
1sts 
1St.S 

















TABLE 111.- CHECKOUT DATA FOR SUBROUTINE HANGLE - Continued 
Year Day Hour Hour angle, deg Epoch 
19tS 




1 G b S  


























1 C t S  
15s. - 
lCCS 





2 5  


















6 5 .  
66 











5 8  
. . 3s  - 
6 C  
A 
6 2  
1969 



















- A 9 L  
1Qb9 
25 
TABLE 111.- CHECKOUT DATA FOR SUBROUTINE HANGLE - Continued 
Year 
lS6C 











l F t 5  
19es 




1 4 6 5  






















6 5  
O b  
6 7 .  
5 8  
. 6 5 .  
7 c  





7 t  
7 1 .  
78 
7 9  
HC 
.a 
8 2  
63 - 
8 r  







3 2  
-93 
94 
95 .  
96 
9 7  
96 
. 9s 



























l Y a S !  - .  
1969 














.A949 - .  
26 

















































. 1.?P.u . -_ 
m 9 - -  
1969 
lY65 13G 0 00227C1210&CD 0 3  1969 
1:,as_- . -- 125 -.-. 0 - - 0.2266264S370 03  I -  
1969 
1964 132 0 Oo22558333OSD 0 3  1969 
--. ---.- - 194s  - -_-.._ 131 -_- -___ 0 0.22fSS171830 0 3 -  _ _  I 





















0 0.231 5!%5551 
3 C.2335257797 
n u s 2 c  
3 9.2 3 5 4C7C C4 2 
A - 7- 
0 ' 0.2394304534 
0 0.23 146 e n a e  
w- 
9 0 3   
D 03 --- 
3 03  
- 
D 0 3  








































































































19bY - - 
1969 


























TABLE 111.- CHECKOUT DATA FOR SUBROUTINE HANGLE - Concluded 
Year Day Hour 
1965 182 0 ' 
l9fS l d f .  .G 
lSt5 184 2 
196s 185 t 
196s 156 G 
1S6S 187 12 
1 5 6 5  166 0 
lJtS l d 5  :: 
136% A 9 C  0 
1969 -191 - 4 
196C 192 .2 
1965 C 1Y3 H C 
1 9 6 5  ct 194 H 3 
lf6S L 195 ti 2 
1955 C 1% H 3 
1905 C 197 H 9 
1 9 C S  C 1913 H 9 
196s 0 195 H 3 . .  - .  
Epoch 
l Y a Y  
1Y b 9  
1969 
1569 









E 1 9 6 Y  
i- 1369 
E 1969 
t 1 Y C 9  
E 1905 
REFERENCE 
1. Nautical Almanar Offices: Explanatory Supplement t o  the Astronomical 
Ephemeris and the American Ephemeris and Nautical Almanac. 
pared jo int ly  by the Nautical Almanac Offices of the United King- 
dom and the United States of America, 1961. 
Pre- 
Memorandum 
To : See L i s t  Below 
FROM : FM/Mlssion Planning and Analysic Division 
S U W C r r :  Transmittal of' formulation for Greenwich hour angle for the RTCC 
mission E, F, and G predictor 
The enclosed internal note presents formulation for the Greenwich 
hour angle used t o  evaluate the earth sectorLl gravitational accelera- 
tion in the IiTcC predictor. The attached data and the fortran listing 
of the program used to generate the data is not considered part of the 
formulation requirement but was included In the internal note for test 
case and formulation verification. 
James C. McPherson, Chief 
Mathematical Physics Branch 
The Plight 8oftware Branch concurs with the above recommendation 
and requests IBM to proceed accordingly. 
light 80f tware Branch 
APPROVED BY: 
Chl&, Mission Planning 
and Analysis Division 
Enclosure 
Distribution: (See attached ; tge) 
